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1. APPLICABILITY

Thi s appendi x provi des recommended procedures for the
col l ection and handling of bottom sedi nents for chem cal,
physi cal and biological testing. Bottom sedinents may be sanpl ed
and tested for a variety of purposes. The guidance provided here
is directed toward a contam nant determ nation as part of the
eval uation conducted in relation to Section 404(b)(1) of the
Cl ean Water Act. These gui dance and procedures may not be fully
applicable to other study or project purposes. In addition, the
sanpling nmet hods di scussed here are appropriate for Geat Lakes
tributaries and nearshore areas. Procedures for deep-water
sedi nent sanpling are not discussed because these areas are not
usual |y sanpled as part of a 404(b)(1) eval uation.

A nunber of references are avail abl e which di scuss sedi nent
sanpl i ng procedures, including: USEPA (1977); International Joint
Comm ssion (1987 and 1988); Lowe and Zaccheo (1991); Mudroch and
MacKni ght (1991), and; ASTM (1991). These references should be
consulted if the guidance provided here is not suitable for study
or project purposes.

This appendix wll first discuss the planning and design of
a sedi nent sanpling program Sanpling equipnment, supporting
equi pnent, and handling procedures will then be discussed.

2. PLANNI NG AND DESI GN

Prior to any field activities, sound planning is necessary
to determ ne the type, nunmber, |ocation, and size of sanples to
be collected, and to assure that the sanples are not altered,
bi ased or contam nated in a way which would invalidate their use.
The planning of a sedinment sanpling programshould logically flow
fromthe results of the tiered evaluation outlined in the
regi onal guidance manual. Using the tiered testing approach,
sedi nent and water sanples may need to be collected on nore than
one occasion. The results of historic data conpiled during Tier
1 may serve as the foundation for the design of a sanpling
programfor Tier 2 testing. The results of Tiers 1 and 2 would
direct the focus of sanpling for Tier 3 tests, if necessary.

2.1 (bj ecti ves
The first, and perhaps nost inportant step in devel oping a
sedi nent sanpling plan is to define the objectives, which are a

function of the types of information needed and the decisions to
be made wth that information
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The information obtained froma sanpling plan for a
404(b) (1) evaluation is used to eval uate potential contam nant

i npacts fromthe discharge of dredged material. However, the
type of information needed for this evaluation may differ from
tier totier. In many cases, these differences result in

di fferent nunber of sanples, sanpling |ocations and sanpling

met hods for each tier. For exanple, a few conposited grab
sanples may be suitable during Tier 1 to confirmthe
applicability of an exclusion or to help devel op a contam nant of
concern list, but mght not be appropriate for a Tier 2 or 3
sanpl i ng pl an.

Data quality objectives (DQ0s) are qualitative and
guantitative statenments of the overall uncertainty a decision
maker is willing to accept in results or decisions derived from
environnental data. A qualitative statenent of the DQ0s for
contam nant determ nations as part of a Geat Lakes 404(b) (1)
dredged material evaluation is provided in Appendi x E

In summary, the objectives of a sedinment sanpling plan
shoul d address the type of information to be obtained, the
decisions that will be nade with that information, and |evel of
uncertainty that is acceptable for those decisions. These
obj ectives should be el aborated in the witten sanpling plan.

2.2 | nformati on Gat heri ng

The types of data that should be conpiled prior to
initiating the sanpling plan includes:

proposed dredgi ng depths and | ocati ons,

wat er depths and | evel fluctuations,

obstructions (bridges, pipelines, ships, etc),

access sites for nobilizing equipnent,

sources of contam nants (point and non-point),

navi gation use (commercial and recreational),

hydraul i c/other factors affecting sedi nent distribution,

hi storic sediment quality data,

survey benchmarks for referencing el evations at sanpling
| ocati ons,

| andmar ks for referencing sanple | ocations, and

ener gency assistance (Coast Guard, hospitals, etc.).

Most of the above information should have been conpiled as
part of the Tier 1 evaluation. Mny site-specific factors wll
af fect where and how sedi nent sanples need to be collected. The
conplexity of the sanpling plan will mrror the conplexity of the
antici pated sedi nent contam nant distribution. |If the dredging
area has few sources of sedinment contam nation or a very
predi ctabl e contam nant distribution, the sanpling | ayout nay be
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relatively unconplicated with focus at a single or a few reaches
or zones. However, if there is a conplex set of sedinent
cont am nant concerns throughout a dredging area, the sanpling

| ayout may be conplex as well.

2.3 Managenent Units

In an ideal situation, all types of information would be
avai l abl e on every grain of dredged material. Due to to costs of
sanpling and testing, this is inpractical. W nust therefore
attenpt to nmake the best use of finite resources in evaluating
t he contam nant potential of dredged material. The recommended
method is to "focus" the sanpling and analysis in a series of
steps, consistent with the tiered approach. This nethod begins
by characterizing the dredged material at a |arge nunber of
| ocations, using "coarse" (and inexpensive) analyses. Successive
steps enpl oy nore sophisticated (and expensive) anal yses at fewer
| ocati ons.

Every sedinent sanple will represent some |arger area or

volume in the evaluation. It is recomended that the area or
vol une represented by a sanple be defined as part of the planning
process, prior to field activities, where practical. This should

enhance the objectivity of the evaluation and interpretation of
dat a.

A managenent unit is defined in the Inland Testing Manual
(USEPA/ USACE, 1998) as a "manageabl e, dredgeable unit of sedi nent
whi ch can be differentiated by sanpling and which can be
separately dredged and di sposed within a | arger dredging area".
It is a spatially-defined volune of sedinment |ocated in a
proposed dredging area for which the test results froma single
sanple (or conposite) wll be used to nake a managenent deci sion
about dredging or disposal. The managenent unit is therefore a
decision unit.

In the case of a 404(b)(1) contam nant determ nation, the
deci sion that needs to be made i s whether or not open-water
di sposal of the volume of sedinents within the nmanagenent unit
woul d be in conpliance with the Guidelines wwth respect to
sedi nent contam nation. Two factors will be used to delineate
managenent units; constructability and honogeneity.

A managenent unit nust be constructible. That is to say
that it nust be practicable for nornmal dredging and di sposal
operations. A managenent unit could be as large as the entire
dredging project area, or it could be a small portion of that
area. A managenent unit should not be so small that it could not
be dredged separately fromother units. A nmanagenent unit nust
al so be constructible under a negative determ nation. That is,
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it nmust be possible to dredge other units and | eave the one
behi nd.

The honpgeneity of the proposed dredged material, both
physically and chemcally, is the other factor to be used to
del i neat e managenent units. Wthin a |limted geographic area of
a single waterway, it is reasonable to assune that sedinents
having sim |l ar physical and chem cal characteristics would have
simlar potential for contam nant inpacts. Although no
predi ctable correl ati on between sedi nent chem stry and benthic or
water colum toxicity has been scientifically proven, the
honogeneity of sedi nent physical and chem cal properties is
recommended as a reasonabl e basis for delineating nmanagenent
units and distributing sanple |ocations.

2.4 Managenment Unit Delineation

Only a few generalizations about the appropriate size,
nunber and distribution of managenent units can be made. The
del i neati on of managenent units is very site specific, and should
consider all available information. Utimately, the decision
relies on best professional judgnent.

A subset of the information gathered about the dredging site
shoul d be considered in laying out the managenent units:

proposed dredgi ng depths and | ocati ons,

wat er depths and seiche/tidal fluctuations,

sources of contam nants (point and non-point),
hydraul i c/other factors affecting sedi nent distribution,
and historic sedinment quality data.

The first step is to map out the proposed dredgi ng area.
This is often not one contiguous area, but a nunber of shoals
wi th varying surface areas and thickness. An exanple is shown on
figure D-1. For a 404(b)(1) evaluation, sanpling should be
limted to the area to be dredged.

I nformati on about the |ocations of known or suspected
sources of contam nation, factors affecting the novenent of
sedi nrents and contam nants, and any historical sedinment quality
data can be used to estimate patterns of contam nant distribution
in the proposed dredged material. The distribution of sedinment
contamnants in a riverine setting is generally nore predictable
than in the harbors and marinas at the nouths of G eat Lakes
tributaries. In the former case, sedinent contamnants tend to
be nore spatially linked to specific sources of pollution. 1In
the later, the contam nant distributions are conplicated by the
natural mxing of fluvial sedinments fromthe river with littora
drift sedinents noving along the near shore | ake.
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Havigation
Channel

Figure D-1. Hypothetical Dredging Areas

The physical and chem cal characterization of sedinents is
closely interrelated, and the distribution of many contam nants
often parallel the distribution of sedinent physical
characteristics. Al other factors being equal, the nost |ikely
place to find el evated | evels of contam nants are at |ocations
having fine-grained sedinments with higher |evels of organic
matter. A know edge of the principles of sedinment transport
conbined with information about the hydraulics of a waterway can
help identify portions of a proposed dredging area with sedi nents
nost |ikely to have the highest |evels of contam nation.

In cases where there is little or no existing physical or
chem cal data on a proposed dredged material or disposal site
sedi nent, a visual survey of sedinents fromthe area, collected
with a grab sanpler can yield highly val uabl e and i nexpensi ve
information. Field observations of sanple odor and vi sual
characteristics (see section 4.3), together with | aboratory
anal ysis of sedinent grain size distribution (sieve analysis) and
organic content (total volatile solids or total organic carbon)
are quick and reliable indicators of the distribution of sedinent
contam nation within a given area.

If the sedinents are believed to be relatively honogeneous,
managenent units should be delineated in a fashion that divides
the dredging area into units of approxi mtely equal volunes. |If
there is less historic data in one portion of the dredging area
than others, or if existing informati on suggests that there is a
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greater probability for contam nation in one portion of the
dredging area than others, it is appropriate to delineate smaller
managenent units in these areas. |f there are known or suspected
patterns of physical or chem cal characteristics of sedinents in
the dredging area, it is appropriate to delineate managenent
units in line with these patterns.

In sone areas, the physical and chem cal characteristics of
sedi ments may change with depth. This is common in navigation
projects that have not been dredged in many years or in areas of
a wat erway which took many years for a deposit to accunulate. In
t hese cases, the sources of contam nation may have changed or
been elimnated, and | ess contam nated sedi nent deposits overlay
ol der sedinents with higher levels of contam nation. In sone
projects involving "new work" dredging, a different pattern of
vertical stratification can be found where surficial deposits of
"recent", nore contam nated sedi nents overlay uncontam nated
deposits of sand or clay laid down in preindustrial tines.

Sedi ment deposits which accunul ate rapidly are less likely
to have significant vertical stratification of contam nants.
Areas that are routinely dredged every few years should, in nost
cases, need not be vertically divided into nore than one
managenent unit. In cases where there are suspected verti cal
patterns of sedi nent physical or chem cal properties, it may be
practical to consider different disposal alternatives for
different layers or strata. Such sedinent |ayering may formthe
basi s of managenent unit delineation. For exanple, if the area
to be dredged had a deposit of unconsolidated silty sedinents
overlying an ol der deposit of conpacted sand, nanagenent units
could be divided vertically at the interface of the deposits.

The size and delineation of managenent units should finally
be checked for constructability. A managenent unit should not be
|l ess than 2 feet in thickness, which is the practical limt of
accuracy for many dredges in open water. It should be renenbered
that if a managenent unit is determ ned to be unsuitable for
di sposal at the proposed disposal site, it may then represent a
volunme or area that is left undredged, or perhaps dredged and
di sposed at a different tinme. The delineation of managenent
units should therefore consider the consequences of a negative or
m xed determ nation as well as a positive one.

2.5 Sanpling Plan for the Dredging Site

The type, nunber, and |ocation of sedinment sanples are
determ ned concurrently wth the nmanagenent unit delineation. In
nost cases a managenent unit is represented by a single sanple.
This nmay be a discrete sanple collected at one |ocation within
t he managenent unit or a conposite of sanples collected at
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several |ocations or depths. Because the results of analyses are
intended to characterize the entire managenent unit, conpositing
i s recommended, where practicable, especially for large
managenent units. Sanpling equi prent, handling and conpositing
procedures are discussed in nore detail later in section 3.

There are two general types of sedinent sanples; grab and
core. Gab sanples are collected fromthe sedi nent surface and
core sanples nmay be collected fromdepths within the sedi nent
deposit. The collection of grab sanples requires |ess supporting
equi pnent, and generally costs nuch | ess than core sanpl es.

Sedi nent deposits that are a foot or two in thickness can
usual |y be sanpl ed using grab sanpling equi pnment. Thicker
deposits that have accunul ated rapidly, or have existing
i nformati on suggesting that they are vertically honbgeneous nay
al so be sanpled as surface grabs. Core sanpling should be used
in deposits where there are known or suspected vertical trends in
sedi nent physical or chemcal properties or if there is nore than
one managenent unit vertically.

It is recoomended that grab sanples conprise a conposite of
two or nore grabs (of approxinmately equal volune) collected at
| ocations within the managenent unit. Care nust be exercised in
collecting grab sanples to avoid the | oss of fine-grained
sedi nents and the introduction of sanpling bias. Large grab
sanplers (winch operated) and small clanshell dredge buckets
(crane operated) wll often obtain better sanple recovery and
deeper sanple penetration than small, hand-held grab sanplers.

Core sanples should be collected for the entire thickness of
t he managenent unit, where practicable, and this length
conposited. Conpositing of nultiple cores within a nanagenent
unit is desirable, but is often prohibitively expensive.

Dredging site water sanples nust be collected in order to
prepare the elutriate as part of Tier 2 testing. Unless there is
a significant difference in the quality of water at sedi nent
sanpling stations within the dredging area, in particular,
differences in pH and redox potential, a single sanpling |ocation
may be used for water collection. Alternatively, water may be
collected fromseveral sites and conposited.

2.6 Sanpling Plan for the Disposal Site

The sedinents that are to be dredged occupy a
t hr ee- di nensi onal space, and the managenent units used to divide
the dredging area are therefore three-di nensional. The disposal
site, on the other hand, is only two-dinensional froma 404(b)(1)
eval uation point-of-view \Wen we conpare the sedinments fromthe
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di sposal site to the dredged material, we are conparing the
exi sting sedi nent surface of the disposal site to a proposed
future sedi nent surface, covered by the dredged material. For
this reason, the disposal site should always be sanpled with a
grab sanpl er

The honogeneity of sedinments at the disposal site may be
| ess predictable than those at the dredging area. It is
therefore advisable that a nunber of grabs be collected for
vi sual inspection before collecting the sanples to be kept for
anal yses. As stated above, care nmust be exercised in collecting
grab sanples to avoid the loss of fine-grained sedinents and the
introduction of sanpling bias. |In many areas of the nearshore
| ake, sedinents nmay be nore conpacted and consolidated than the
sedinments in the dredging area. As a result, sanple recovery may
be poor. The use of different sanpling equi pment at the dredging
area and di sposal site may be considered to overcone this type of
pr obl em

It is not appropriate to divide the disposal site into
managenent units, since the termhas no neaning here. The nunber
and distribution of sanples collected at the disposal site is
dependent on the honbgeneity of the sedinents and the inportance
of accounting for the natural variability of sedinents at the
di sposal site by the evaluator. For nbst contam nant
determ nations, the disposal site is represented a single,
conposite sanple. \Wlere there is considerable heterogeneity in
surficial sedinents at a disposal site, a single conposite sanple
may not reflect this variability. 1In order to capture this
variability, at |least three sanples would be needed. If a
mul tiple disposal-site sedinent is to be utilized, the eval uator
shoul d coordinate with the appropriate agencies in advance as to
how t he di sposal site sedinment results will be treated
statistically.

The | ocation of sedinent sanple(s) within the disposal site
need not be highly systematic, but care should be taken to avoid
non-representative sanples. In nost cases, the disposal site
will be in the nearshore |lake. |In these areas, the positioning
of the sampling vessel may be approxi mate and nai ntaining the
vessel at a fixed location for extended periods difficult. Using
a marker buoy to designate the center of the reference site,
sanpl es can be collected at distances and bearings fromthe
mar ker .

2.7 Sanpling Pl an Docunent ati on

A witten plan for sedinment sanpling should be prepared and
shoul d i nclude the foll ow ng information:

D-8



map of area to be dredged showi ng the delineation of
managenent units, proposed sanpling | ocations, and

bat hynetry,

rational e for managenent unit delineation

map of disposal site show ng proposed sanpling
| ocati ons,

proposed sanpling nethods and equi pnent,

proposed supporting equi pnent, vessels, and nethods
for positioning laterally and vertically,

proposed | ogistics for access/nobilization,

proposed sanpl e conpositing, handling and transport,

identify personnel and contractors who wll inplenent
sanpl ing and/ or provi de equi pnent,

QC/ QA provisions, and

heal th and safety provisions.

This sanpling plan can be used for a nunber of project
pur poses, i ncluding:

i nt eragency coordi nation,

scope of work for contract or in-house,

part of the Quality Assurance Project Plan (QAPP), and
part of final report on sedi nent sanpling and anal ysis.

The sanpling plan should be one of the first docunents used
to initiate interagency coordination for a proposed
dr edgi ng/ di sposal project. Wthout a conprehensive sanpling
pl an, other agencies would not be able to provide coments prior
to sanpling or adequately evaluate the results upon conpletion

The sanpling plan will be the scope of work for those who
are to inplenment the sanpling, whether through contract or with
i n-house | abor. The sanpling plan may prepared as part of a
| ar ger docunent which covers both sanpling and | aboratory
analysis. This is advantageous if the entire effort is to be
performed by a single contractor.

The sanpling plan is an integral part of the Quality
Assurance Project Plan (QAPP), as discussed in Appendix F. The
field manager who directs the execution of the sanpling program
must have read, understood, and signed the QAPP before initiating

sanpl i ng.

Finally, any sanpling programmnust be flexible to allow for
changes based on field conditions. Sanpling |ocations are often
changed in the field, and any nodifications to the plan should be
docunented. The plan, along with all field notes or |ogs should
becone a part of the final report of sanpling and testing.
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2.8 Coor di nati on

| nt eragency coordi nati on on sedi ment sanpling, testing and
eval uation should begin as early in the planning process as
possi ble. Coordination during Tier 1 can help identify
addi tional historic sedinent data, sources of contam nation, and
contam nants of concern. Coordination during the devel opnent of
sanpling plans will assure that all agencies understand the
reasoni ng behind the plan, pronote cooperative sanpling efforts,
and reduce the potential for disagreenents over the
interpretation.

Proj ect proponents are encouraged to use the witten
sanpling plan, discussed in section 2.7, as a basis for
coordination wth Federal and state agencies prior to field
sanpling. Gven the potential costs of having to repeat sanpling
and anal ysis, and the consequences of delays to project
schedul es, proponents of dredging projects take a serious risk in
proceedi ng wth sedi nent sanpling w thout adequate interagency
coor di nati on.

3.  SAMPLI NG EQUI PMENT

There are three types of equipnment generally needed to
col l ect sedinent sanples: a sanpler, a nmechanismfor hol ding,
driving or lifting the sanpler, and a floating platformto work
from Sedinent sanpling can be as sinple as scooping a shovel
into a shallow creek by hand or as conplex as driving Teflon
i ned Shel by tubes froma truck-nmounted drill rig on a spud barge
in 25 feet of water. The size of a sanpling operation can be one
person or a crew of four or five. Equipnent costs can range from
nothing to $10, 000 per day. This section will discuss the
avai |l abl e equi pnment for sedi nent sanpling and provi de gui dance on
where it may be appropriate.

3.1 Sedi nent Sanpl ers

There are two basic types of sedi nent sanplers; grab
sanplers and core sanplers. Both types of sanpling devices can
vary considerably in size and degree of difficulty in deploynent.
The sel ection of which type and size of sanpling device is, like
ot her aspects of the sanpling plan, project-specific. The
features of sedinent sanplers commonly used in the G eat Lakes
are summari zed on table D-1.
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Tabl e D-1.

Features of Sedinment Sanpling Equi pnent

Sanpl er Applicability Penetration and Sanpl e Supporting Cost
Type Recovery Vol une!? Equi pnent (new)
Hand held grab | Surface grabs in Penetration controll abl e, <2 liters None, except
shal | ow dept hs, all recovery usually good w  divers
sedi ment s
Drag |line Surface grabs in Shal | ow penetrati on <l liter Smal | boat
shal | ow dept hs, hard or
conpact ed sedi nents
Smal | dr edge Surface grabs in all Penetrati on and recovery 1-2 liters Smal | boat, $200- 700
depths, all sedinents vary with sedi nment wi nch
d anshel | Surface grabs in all Penetration of 1' or nore, >100 Fl oati ng
bucket depths, all sedinents even in conpacted sedi nent liters pl ant, crane
Hand hel d Cores in shall ow Penetration controll abl e, 1-2 liters Pont oon boat
corer dept hs, soft sedi nents recovery vari abl e or barge
Gravity corer Cores in all depths, Penetrati on and recovery 1-2 liters Smal | boat
soft sedinents vary with sedi nment wi th wi nch
Box core Short cores in all Shal | ow penetrati on, vari abl e Boat with
depths, all sedinents recovery usually good wi nch
Vi bracore Cores is depths |ess Penetrati on controllable, vari abl e Fl oati ng
than 30', soft sedinment |recovery usually good plant & drill
rig
Split spoon Cores in depths |ess Penetrati on controllable, 1-2 liters Fl oati ng
than 30', all sedinents |recovery variable plant & drill
rig
Pi st on tube Cores in depths |ess Penetrati on controllable, 1-3 liters Fl oati ng
than 30', all sedinents |recovery good. plant & drill
rig

Vol une of sanpler with good

recovery.




3.1.1 Sanpler selection

In conparing the different types of grab and core sanplers,
and sel ecting the one nost appropriate for a particul ar
application, the primary factors to consider are:

~supporting equi pnent requirenents,

physi cal restrictions,

depth of sanple (penetration)
sanpl e recovery,

sanpl e bi as,

sanpler material, and

sanpl e vol une.

Supporting equi pnent requirenents: The type and size of
supporting equi pnent needed for sanpler operation may determ ne
the feasibility of operation, and will greatly affect sanpling
costs. Supporting equipnment are described further in section
3.2

Physical restrictions: Physical restrictions which m ght
limt the operation of a sanpler (and supporting equi pnent)
i nclude the water depths, currents/tidal/wave conditions, and
sedi nent characteristics.

Sanpl e penetration: The depth from which the sanple is
collected is determ ned by the depth of sanpler penetration. For
sone sanplers, this depth may be controlled. Wth other sanplers,
this depth is dependent on the type and size of sanpler used,
wat er depth, and consistency (soft/hard) of the bottom sedi nents.

Sanpl e recovery: Recovery is an indication of how nuch
sanple is present in the sanpler, and is usually estimated as a
percentage, with a full sanpler being 100% recovery. Poor
recovery can result fromthe sanpler failing to cl ose properly or
sanple loss during lifting.

Sanple bias: Sanple bias is a significant concern,
especially for sanples that have poor recovery. As the sanpler
is pulled up, sanple may be lost to the water colum through the
sanpler screen or if the sanpler is not fully closed. Fine
sedi nent particles are nost susceptible to loss, and this
preferential |oss nmay bias the sanple.

Sanpl er materi al s: Consi deration nust be given to the
contam nating properties of the sanpling devices thensel ves.
Oten there will be conflicting requirenents for different test
paraneters. The general rule is that for netals anal ysis,
sanpl es should not contact netal sanplers or containers and for
trace organi c anal yses, sanples should not contact any plastics.
These general rules are not always practical to apply and may not
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be necessary for the data quality objectives of 404(b)(1)
eval uati ons.

Since the 404(b) (1) contam nant determ nation does not rely
on the nere presence of contam nants (which may have cone from
sanpler materials) for final decisionmaking, sanplers made of (or
lined wth) stainless steel, alumnum Teflon, and high density
pol yet hyl ene (HDPE) plastics should be acceptable for use.

Sanpl ers made of other material may al so be suitable if the
sanple not in contact wwth the device can be selectively renoved.
Al'l sanples should be collected with the same sanpler materials
where possible. The use of different sanplers for different

anal ysis mght conplicate the interpretation of results.

Sanpl e vol une: The vol une of sedinment needed will vary
with the test requirenents. A sunmmary of the sanple vol unes
required for the tests described in the Geat Lakes Dredged
Mat erial Testing and Eval uati on Manual is provided on table D 2.
The approxi mate vol une of sanple provided by full (100% recovery)
sanplers are listed on table D 1.

Table D-2. Sanple Vol unes Required for Anal yses

Anal yses Sanpl e Vol une
Sedi ment Wat er!
Si eve anal ysi s 0.5 liter
Hydr onet er anal ysi s 0.5 liter
Bul k chem stry? 0.5 liter
Elutriate 1 1liter 4 liters
Col um settling test 40 liters
Water columm toxicity
Whol e sedinent toxicity
Bi oaccunul ati on

1 Site water required for elutriate test. Oher tests can use

| aboratory water.

2 Vol une shown for analysis of nmetals, nutrients, PCBs and PAHSs.
Larger volunmes nay be needed for analysis of other paraneters or
| ower detection limts.
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3.1.2 Gab sanmplers

A grab sanpler is any type of device that collects a
di sturbed sanple at the sedinent-water interface. A "disturbed"
sanple is one that has lost its vertical and lateral integrity
and can't be subdivided into neaningful |ayers or fractions (as
can sone core sanples). Gab sanples are collected at the
sedi nent surface, and represent the depth of sedi nent penetrated
by the sanpler.

Hand- hel d sanplers: Shovels, trowels, and buckets can be
used to collect sedinent sanples by hand in shall ow streans.
Sedi nent sanpling in deeper waters by divers using hand-held
sanplers is becomng a fairly comon practice. Hand-held grab
sanplers are inexpensive, require little or no supporting
equi pnent, can control sanple penetration to a limted extent,
and generally have good recovery.

Drag-line sanplers: Sanplers have been devel oped which are
operated by dragging along the bottom These type of sanplers
i ncl ude bottom dredges equi pped with nets for collecting
bi ol ogical materials. A pipe dredge is a netal tube, about 6" in
di aneter and 18" long, which is used to collect surface sanples
fromhard, rocky surfaces. This type of sanpler nmay be nore
suitable for the disposal site than the dredged material.

Smal | dredge sanpl ers:
There are a nunmber of small,
i ght-weight dredge sanplers
avai |l abl e from comer ci al
sources. Conparisons of these
types of grab sanplers are
provi ded by Midrock and
MacKni ght (1991), ASTM (1984),
Elliott and Drake (1981) and
Sly (1969). Sone of these
sanpl ers cone in several sizes.
For exanpl e, the Ponar petite
sanpler (6" x 6") weighs about
25 pounds and can be operated .
by hand froma small boat. The 30 cm
Ponar (9" x 9"), shown on
fl gur e D 2, V\El ghS abOUt 50 Source: Mudroch and MacKnight (1991)

pounds and needs a boat with a Figure D-2. Ponar Dredge Sanpler
wi nch and cabl e for operation.

Most smal |l dredge sanplers will only penetrate 1-3 inches in
sandy sedinents. The sanme sanpler m ght penetrate 6-12 inches in
fine-grained sedinents that are soft and unconsol i dat ed.

Sedi nents that have a hard, consolidated surface often give poor
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recovery and may be subject to sanple bias. Soft sedinents wll
often yield 100% recovery with grab sanplers. Dredge sanplers
typically cost $200-700.

Cl anshel | dredge bucket: Although not designed for
sanpling, commercial clanmshell dredges (0.5-3 cubic yard bucket)
can al so be used for collecting sedinent sanples. C anshell
buckets are operated by a crane, and require a sizable floating
plant (figure D-3). The bucket is typically |lowered onto the
deck of the floating plant, and sanple(s) renoved with shovels or
trowels. A crane operated clanshell bucket can penetrate several
feet, even into conpacted sand. Recovery is usually good.
Sanpl e bias can be avoi ded by conpositing several subsanples from
different areas within the bucket grab.

Source: USACE/USEPA (1992)

Figure D-3. Canshell Dredge on Spud Barge

The cl anshel | dredge bucket will provide far nore sanple
than is necessary for sedinent contam nant testing for 404(b)(1)
eval uations. Milti-purpose sedinent sanpling may require | arge
volunmes. Several hundred gallons of sedi nent have been coll ected
with clanshell dredges for testing and eval uation for confined
di sposal and treatability studies on contam nated sedi nents.

3.1.3 Core sanplers

A core sanpler is a device that extracts a vertical cylinder
of sedinments of some |length. The core sanple may or may not
fully retain its integrity. Sonme types of core sanplers are
designed to assure the |least | oss of vertical integrity. For
others, sone loss of integrity is acceptable. Core sanpling
equi pnent that may be used include equi pnent designed for
geot echni cal exploration and well construction. In addition,
there are several pieces of equipnent devel oped specifically for
sanpling bottom sedinents. The features of the nost commonly
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used core sanplers are sunmari zed on table D1

Hand- hel d sanpl ers: Hand-held core sanplers are avail able
fromcomercial sources. Many | aboratories and contractors have
fabricated core sanpling equi pnent fromlengths of pipe. For
sone applications, this type of inprovised sanpler is quite
acceptable. The pipe material used should be selected to avoid
sanpl e contam nation (see discussion in section 3.1.1). Tubes or
sl eeves of noncontam nating materials are available for
commerci al corers.

The hand-held core sanpler is pushed into the sedinents to
the desired depth, w thdrawn, and the sedinents pushed out with a
rod, or the pipe or tube cut to expose the sanple for renoval.
Hand- hel d sanpl ers can by used by wading in shall ow streans or by
divers. Hand-held sanplers should not be operated from a boat,
since it is generally necessary that the operator stand to drive
and withdraw the sanpler. Vessels wth a flat deck, such as a
smal | barge, pontoon boat or floating plant are needed to safely
support the sanpler.

The operation of a hand-held core sanpler is limted by the
depth of water, sedinent characteristics, and sedi nent thickness.
For total depths (water + sedinent) greater than 10-15 feet, the
| ength of the sanpler becomes unw eldy for hand operation.

Hand- hel d cores can be easily pushed through soft sedi nents, but
are not recommended for consolidated materials. Recovery with
hand- hel d core sanplers is variable. A catcher is typically used
at the front end of the core to hold the sedinents in-place as
the sanpler is withdrawmn. Sanplers with an open end can al so be
"capped" by driving themthrough the soft sedinents and a few
inches into hard clay or sand.

The bias of a core sanple is related to its recovery. A
sanple with poor recovery may have preferentially |ost sedinent
fromthe | eading (deeper) end. Hand-held cores may | oose sone
vertical integrity, as sedinments may be conpressed in the core.
A 3-foot drive may yield only 2 feet of sanple, even with good
recovery. Consequently, hand-held cores are acceptable for
vertically conposited sanples, but vertical subdivision may not
reflect the true el evation of sub-sanples.

Gravity core sanplers: There are a nunber of comrercially
avai l abl e core sanplers that are deployed on a cable and
penetrate the bottom sedinents with only the force of gravity. A
summary of available corers is provided by Miudroch and MacKni ght
(1991) and Sly (1969). Most corers have snmall dianmeters (1-2")
with variable | engths, and cone equi pped with additional weights
and a catcher. Some have vanes or stabilizing fins. A typical
gravity corer is shown on figure D-4.
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stabilizing fins weight

collar
adjustable cutting
weights core barrel head
= _TI% T &

gravity corer valve core liner

(open on descent and closed by

trigger mechanism when corer penetrates
the sediment, generating partial vacuum
which retains the sediment in the

core liner.)

core catcher

Source: Mudroch and MacKnight (1991)

Figure D-4. Typical Gavity Core Sanpler

Smal | gravity corers can be operated fromsmall and nedi um
si zed boats by hand or with a winch. Best performance is found
where the corer is allowed to freefall between 2-3 neters
(Mudroch and MacKni ght 1991). Gavity corers can collect up to 2
meters of soft sedinents, and are not suitable for hard or
consol i dated sedi nents.
Sanpl e recovery and verti cal
integrity are variable.

head with tripping
mechanism and
release pin

Box core sanpler: Box
corers are gravity corers vertical
designed for collecting | arge shaft
rect angul ar sedi nent cores of
t he upper 50 cm sedi nent | ayer gimbal unit
(Mudroch and MacKni ght 1991).
A typical box corer is shown sediment
on figure DD5. Small box -
corers, weighing about 30 shaft
pounds, are equipped with
addi tional weights (up to 100
pounds) to inprove
penetration. Mich |arger box
corers, upto 2m X 2m and Source: Mudroch and MacKnight (1991)

wei ghi ng 800 Kg, have been Figure D-5. Box Core Sanpl er

closing wire

lock pin
4

frame
z"{ box
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fabricated (Mudroch and MacKni ght 1991). The corer is lowered to
the bottom by acable with little freefall, and the triggered with
a nessenger. Small box corers nmay be operated froma boat with a
W nch.

air-operated Vi bracore: The vibracore is a
mechanical | ong continuous tube that is
vibrator . . . .
driven into the sedi nent using
. vi brating action, typically of
A .—— core pipe a pneumatic inpactor, as shown
T on figure D6. The entire core
is withdrawn, at which point
the entire sanple can be
extruded and subdi vi ded, or the
tube may be cut into segnents
for sanple extraction |ater.
Qui dance on the fabrication of

H-beam tower —.__ | —

air hoses
and signal ——.

7d L a vibracore fromreadily
}& avai | abl e conponents is
e available in Smth and d ausner

(1993). The vibracore can be
operated froma small floating
pl ant or barge with a tripod or
Figure D-6. Vibracore smal | derrick and winch to
assist in raising and | owering.
Vi bracores are typically 2-4
inches in dianeter. Sanple lengths up to 20 feet have been
sucessfully renoved fromsites in Geat Lakes tributaries.

Source: Winterkorn and Fang (1975)

The vibracore is only suitable for unconsolidated sedi nents,
particul arly sandy sedinents. They can not penetrate nost
consol idated or coarse materials. Cores can be equipped with a
catcher or the tube driven into a | ayer of conpacted nmaterial,
which forns a "cap" at the bottom The vibration of the tube has
been known to consolidate the sanple. The vertical integrity of
vi bracore sanples may be disturbed. Vibracores are well suited
for the collection of sanples to be vertically conposited.

Split-spoon: The split-spoon sanpler is basic equi pnent for
geot echni cal exploration of unconsolidated soils. The sanpler is
a nmetal cylinder which is divided in half, |engthw se, as shown
on figure DD7. The two hal ves of the spoon are held together by
smal | pieces of threaded pipe at each end. An open cap, wth a
catcher is screwed on the tip. The sanpler is attached to
| engths of steel rod and driven into the sedinents with a hamer
or weight. After the sanpler is withdrawn, the front and rear
end pieces are unscrewed, the sanpler opened, and the sanple
removed with a spoon

Split-spoon sanplers can be used for nobst types of
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sedi nents, including consolidated sand and clay. Recovery is
vari abl e, sometinmes poorer with soft, fine-grained sedinents.
Split-spoon sanplers are typically 2-3 inches in dianeter, and
available in lengths from2-5 feet. Successive vertical sanples
can be taken by driving casing (typically a 5-inch pipe) and

cl eaning out the drill hole between sanples, as shown in figure
D-7. The vertical integrity with of an individual split-spoon
sanple is variable, but a vertically conposited sanple can be
obt ai ned between two el evations with accuracy.

,.-"/_- hishtail
split spoon x /— casing

nnnnnn

LLLLLLLLLL

Exploded view of split spoon sampler:

head, split barrel, flap retainer, shoe
Source: USACE (1972)

Figure D-7. Split-Spoon Sanpler

Pi ston sanplers: There are a nunber of sanplers that use a
thin netal tube that is extended forward under hydraulic force.
These include the thin-wall stationary piston sanpler, Lowe-Acker
stationary piston sanpler, and the Osterberg (as shown on figure
D-8) and McC elland piston sanplers (Wnterkorn and Fang 1975).
Pi ston sanplers can be operated froma variety of drill rigs on
small floating plants. The sanpler, with tube retracted, is
attached to a steel rod and pushed into the sedinents to the
desired starting depth. The hydraulic force is applied (water
punp) and the tube extended. The sedinents in the tube are held
in a partial vacuum and the assenbly withdrawn. The tube is
renmoved and the sedi nents extracted.

Pi ston sanplers are suitable for soft, unconsolidated
sedinents. The sanpl er can penetrate sone consoli dated
fine-grai ned sedinents, but not coarse materials. Recovery with
soft, fine-grained sedinents is excellent. Sanpler tubes are
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Figure D-8. Piston Sanpler

typically 3-4 inches in diameter and 3 feet long. The vertical
integrity of individual sanples is variable, but a vertically
conposi ted sanpl e can be obtai ned between two el evations with
accuracy, and without the need for casing.

3.2 Supporting Equi pnent
The size and conpl exity of supporting equi pnent varies for

the different sanplers. Most supporting equi pnment requires
experienced operators. Sone require a crew of several persons.

Information will be provided on nmarine equi pnent, cranes and
drilling rigs. Information on marine equi pnent, cranes and
drilling rigs needed to support sedinent sanpling activities is

summari zed on table D 3.

3.2.1 Marine equipnent

Al nost every size and type of boat, barge, and floating
pl at f orm has been used for sedinent sanpling at one tine or
another. The suitability of a boat or floating platformis
determ ned by the size and operating requirenents of the sanpler
and the physical restrictions of the sanpling site(s). These
site restrictions include:

wat er dept h,

wave/tidal/current conditions, and
accessibility.
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Tabl e D 3.

Supporting Equi prent for Sedi nent Sanpling

Equi prrent Applicability Crew Cost 2
($/ day)

Smal | boat (<16 ft) For use with handheld or w nch-operated dredge, Operator (1) $200- 500
box, or gravity core sanplers. Suitable for
shal | ow condi ti ons.

Large boat For use with handhel d or wi nch-operated dredge, Operator and $400- 1, 000
box or gravity core sanplers. Suitable for mate (1-2)
near - shore conditions.

Pont oon boat For use with handheld core, dredge, box and Operator (1) $400- 800
gravity core sanplers. Suitable for calmwaters
only.

Col l apsible drill rig For use with split spoon or piston sanplers on Driller and $1, 000-
snmal | barge. hel per (2) 2,000

Truck-nounted drill rig For use with split spoon or piton sanplers on Driller and $1, 000-
| ar ger barge. hel per (2) 2,000

Ski d-nmounted drill rig For use with split spoon or piston sanplers. Driller and $1, 000-
Suitable for cal mwaters and noderate depths. hel per (2) 2,000

Crane, 20-ton For use with clanshell dredge bucket, to Operator (1) $500- 1, 500
nobi |l i ze sectional barge, or to |ift spuds.

Smal | sectional barge For use with Collapsible drill rig. My require | Qperator (1) $400- 1, 000
supporting vessel for propulsion. Suitable for
cal mwat ers and noderate depths.

Spud bar ge For use with truck-nounted drill rig or crane. Operator and $1, 000-
May require supporting vessel. Suitable for mate (2) 3,000
near - shore and depths to 30 feet.

! Crew size of conbined equi pmrent may be reduced if crew performmultiple duties.

exanpl e,

2

Costs are for

i f barge operator also operates crane.
pl anni ng pur poses only.

For



Equi pnrent availability and cost may al so be inportant factors in
the sel ection of supporting equi pnment. For exanple, if a marine
construction contractor is already nobilized near the sanpling
site, it may be nore cost efficient to rent the contractor's
equi pnent, even though it is |larger than needed for sanpler
operation. In all cases, safety nust be the overriding
consideration in the selection of supporting marine equi pnent.

Boats: Snall boats with outboard notors nmay be suitable for
supporting sone small clanshell dredge sanplers and drag-Iline
sanplers in small tributaries and nearshore waters. Larger
boats, with an electric or hand-crank winch are suitable for
supporting |l arger clanshell dredge sanplers, small gravity core
sanpl ers, and small box corers. Pontoon boats are suitable for
supporting all grab sanplers (except crane-operated clanshell
buckets), hand-held cores and gravity and small box cores.

Sanpling boats should generally be anchored at stations as
best possible for safety and sanple collection proficiency
reasons. Sone grab sanplers will not function properly when
drift causes themto strike the bottomon an angle | ess than
per pendi cular. Anchoring is an especially inportant safety
consi deration when divers are operating the sanpling devices.

A qualified boat operator and sanpler operator are the
mnimal crew for nost small boats. Larger boats, suitable for
work in the lake or large tributaries, nmay require additional
crew nenbers.

Floating platforns: A variety of barges, skiffs and marine
floating plants can be used for supporting |arger sanpling
equi pnent. The sel ection nust consider the size and wei ght of
ot her supporting equipnment (crane or drill rig) and the need to
be stationary. Sone barges and skiffs are self propelled, others
requi re boats or small tugboats for propulsion. Crew sizes range
fromtwo to four.

| f core sanpling equipnent is used, it is necessary to keep
the sanpler position laterally stationary. There are only a few
met hods of hol ding a barge, skiff, or floating plant in place at
the sanpling site. Anchoring is not always reliable in keeping a
| arge vessel in place, except under very cal mwater conditions.
If the sanpling location is imediately next to | and, the vessel
can be tied to avail able structures.

The nost reliable nethod of stabilizing a barge, skiff, or
floating plant is the use of spuds, as shown on figure D 3.
Spuds are long steel posts which are |owered into the sedinents,
typically at each end of the vessel. Sone vessels have spuds
whi ch are hydraulically lifted, while others have themlifted
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with a crane on deck. On sone snall, sectional, spud barges, the
spuds are lifted by hand.

Most snal |l barges and skiffs are transported overl and by
trailer and noved into and out of the water by a winch or using a
crane. Larger barges and floating plants are usually transported
to the site by water.

3.2.2 Cranes and drill rigs

Cranes are used to operate clanshell dredge buckets and/or
to lift spuds on floating plants. A crane may al so be used to
pl ace a barge or floating plant into the water.

There are many types of drill rigs used in geotechnical
explorations (Wnterkorn and Fang 1975), but only the smaller,
col | apsi bl e varieties shown on figure D-9 have been routinely
used for dredged material sanpling at sites on the G eat Lakes.
Adrill rigis basically a vertical franme or scaffold used to
hol d | ong | engths of pipe or core steady as they are | owered,
rai sed, connected and di sassenbl ed.

A-frame and tripod
drill rig assenblies
are small, coll apsible,
and can be assenbl ed on
very small barges. A
truck-mounted drill
rig, comonly used in
drilling potable water
supply wells and
installing nonitoring
well's, has a
col l apsible rig nounted orie shos.
on a truck.
Truck-mounted drill
rigs can be driven onto

o Lifting rope

|J'| - Hammer

— Casing

Derrick —__

o

Source: Winterkorn and Fang (1975)

barges or floating Figure D-9. Collapsible Drill Rig
pl ants and chained to
the deck. Drill rigs can operate through a hole in the barge or

floating plant (if available), or over the side. Small dril
rigs are typically operated by a driller and a hel per (crew of
t wo) .

3.3 Sanmpling Costs
The primary costs of a sedi nent sanpling program are
primarily for | abor and supporting equi pnent. These tend to

i ncrease together, as |arger equi pnent generally requires a
| arger, and nore skilled crew. Estimates of the daily rates for
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supporting equi pnent (including crew) are shown on table D 3.
These rates should only be used for the initial planning of a
sanpling project, and will vary with the |ocale and equi pnent
avai lability.

A significant anount of the cost involved in sedinment
sanpling is the nobilization and denobilization (setup and
br eakdown) of supporting equi pnent. The nobilization cost is
determ ned by how far the contractor has to cone with his/her
equi pnent. It is not uncomon to have a nobilization cost equal
to 1-2 days effort, and denobilization equal to a one day effort.

The rate at which sanple collection takes place is project
and equi pment specific. |If sanpling locations are far apart,
significant tinme may be spent in relocating equipnent. The
positioning of sanpling |ocations nay al so require additional
time (see section 4.1). After the site has been reached and
positioned properly, grab sanples can usually be collected in
5-15 mnutes. Core sanples of a continuous |length can be
collected in 15-60 mnutes. Core sanples collected at three
depth intervals mght take 1-3 hours. After the sanple(s) have
been collected, additional tine is required to visually inspect
and characterize them and prepare themfor storage. It may or
may not be feasible to do this on the way to the next station.

For nost projects, once the equi pnent has been nobili zed,
the cost of collecting additional sanples can be relatively
i nexpensive. The collection of extra sanples at planned sanpling
| ocations, or at different sanpling | ocations can provide a
val uabl e contingency in the event of sanple |oss or anomal ous
sanple results. On practice is to collect extra sanples and nake
provisions with the | aboratory to store themfor alimted tine
and di spose of themif not needed.

4. GUI DANCE ON FI ELD ACTIVITI ES
4.1 Location Stationing
4.1.1 Horizontal positioning

The |l ocation of a sanpling station needs to be determ ned
both horizontally and vertically. The precision of |ocation
stationing wll vary with the requirenents of the sanpling plan
and site conditions. Depending on requirenents and conditions,
it may be adequate to position sanpling stations visually,
wi t hout instrunentation, using avail able | andmarks for reference.
CGenerally, this is only appropriate in small rivers or in harbor
| ocations near (<50 feet) land, piers, or breakwaters.
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Positioning of stations in larger rivers, open harbors or
t he nearshore | ake shoul d be done using sonme type of
instrumentation. A variety of instruments may be used, including
| and survey equi pnment, Loran, and gl obal positioning systens
(GPS). Most commercial navigation vessels and | arger
recreational craft are equipped with Loran, while GPS is becom ng
nmore commonly available. |f stations are positioned by a
dedi cated survey team it will be nore cost efficient to have al
stations | ocated, and marked with buoys on one day rather than to
have the survey team stay for the duration of sedi nment sanpling.
4.1.2 Vertical positioning

Locati on positioning should include the elevations of the
wat er surface and sedinent-water interface. This is especially
i nportant for dredging projects. Since sedinents are typically
dredged to a fixed elevation, a sanple collected below this
el evation would not be part of the material to be dredged. Water
depth can be determ ned using a |lead |ine, sounding basket, or
bat hynetric instrunentation. Because all water surfaces
fluctuate over tine, the water surface el evation nust be
referenced to an fixed datum

The accepted el evation datumfor the Great Lakes is the
International G eat Lakes Datum (I GLD), which is referenced to
the zero point at R nouski, Quebec. This datumwas adjusted in
1955 and again in 1985 to account for novenents of the earth's
crust (Coordinating Conmttee on G eat Lakes Basin Hydraulic and
Hydrol ogi c Data 1992). Conversions between | GLD 1955 and ot her
el evati on datum are sunmari zed on table D 4.

Table D-4. Elevation Conversion Chart

G ven To Find
ccht | GLD 55 MTNY? MBL® 1912 | MSL 1929

CCD +578. 18 +579. 88 +579. 91 +579. 48
| GLD 55 -578. 18 + 1.70 + 1.74 + 1.30
MI'NY -579. 88 - 1.70 + 0.04 - 0.40
MSL 1912 |[-579.91 - 1.74 - 0.04 - 0.44
MSL 1929 |-579.48 - 1.30 + 0.40 + 0.44

Chicago Gty Datum
Mean Ti de New York
3 Mean Sea Level
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Low Water Datum (LWD) are the planes of reference to which
nost Great Lakes navigation charts are referenced. The LW
el evation reflects the average | ow water el evation of the
i ndi vidual |akes. The Low Water Datum el evati ons of each of the
Great Lakes referenced to | GLD 55 and | GLD 85 are shown on table
D 5.

Tabl e D-5. Low Water Datum for | GLD 85

Lake | GLD 55 | GLD 55 | &D 85 | &LD 85

(feet) (nmeters) (feet) (nmeters)
Lake Superior 600. 0 182.9 601. 1 183. 2
Lake M chi gan 576. 8 175. 8 577.5 176.0
Lake Huron 576. 8 175.8 577.5 176.0
Lake St. Cair 571.7 174. 2 572. 3 174. 4
Lake Erie 568. 6 173. 3 569. 2 173.5
Lake Ontario 242. 8 74.0 243. 3 74. 2

Wat er surface el evations may be referenced from survey
mar kers installed by the USACE or other agencies, or fromfixed
structures that have been surveyed and el evati ons recorded.
USACE survey markers are small (3 1/2" dianeter) brass plates,
pl aced at | ocations around authorized navigation projects. Their
| ocations and el evations can be obtained fromthe appropriate
USACE district office. Water levels can be obtained from
recordi ng gages mai ntained at selected sites on the G eat Lakes
(NQAA 1992a), although these are not as representative as "on-
site" nmeasurenents and should be used only as a |l ast resort.

Bridges are often used to reference water |evel elevations.
The el evation of |ow steel, the | owest point of the bridge span,
is avail able for many bridges fromcity or state hi ghway
departnments, railroads, port authorities, and the USACE. Bridge
cl earances, to the nearest foot above LWD, are also published in
the "Coast Pilot" (NOAA 1992b).

4.2 Logi stics

Pre-planning is necessary to assure a successful sedinent
sanpling project. This planning should address several
| ogi stical features, including access |ocations, sanpling
sequence, contingency, and overall scheduli ng.

Access to sanpling locations is not usually a problemin and
around aut hori zed navi gation channels. Launch ranps for boats
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and smal| floating plants are available at nost |akefront and
riverside marinas and |l ocal, State and Federal parks. Larger
boats and floating plants may need a secure docking area for
mobi | i zi ng equi pnent. At waterways away from authori zed

navi gati on channels, access nay be a problem Bridges, pipeline
crossings and ot her obstructions may necessitate that sanpling
vessels be renobilized several tines. |In sone cases, easenents
may have to be obtained froml|andowners to gain access. Access
| ocations should be identified and i nspected during the planning
of a sedinent sanpling project to assure they will be avail abl e
and feasi bl e.

In many rivers and harbors around the G eat Lakes, the
| evel s of sedi ment contam nation increase as one proceeds
upstream fromthe nearshore | ake. One way to help mnimze
cross-contam nation of sanpling gear is by scheduling the
sanpling stations so that the nost contam nated areas are sanpl ed
last. Wiile this approach will not elimnate the need for
decont am nati ng equi pnment between sanples, it wll reduce the
potential for cross contam nation.

Al nmost all sanpling plans will be subject to unforeseen
conplications. Many of these problens can be avoi ded by assum ng
the plan is inperfect fromthe start and preparing contingencies.
The nost conmon probl ens are equi pnent failure and bad weat her.
| f possible, it is advisable to carry a spare for any equi pnent
subject to failure. The |ocation and phone nunbers of sources
for parts or equipnment repair should readily avail able.

Storm events can delay or interrupt sanpling, so
contingencies need to be arranged with both the sanpling team
delivery service, and the |laboratories. Al contingent field
changes shoul d either be identified in the sanpling plan or at
the very least, a chain of command shoul d be defined by which
clear responsibility is assigned for each such deci sion.

Schedul i ng requires understandi ng of the operational
capability of the laboratories. Sanpling tends to occur on
weekdays, and delivery or sanple holding over a weekend can be
probl ematic, especially since the naterial needs to be
refrigerated. The delivery of sanples at a rate that overwhel ns
the | aboratory is also not desirable, because holding tines are
ext ended. However, these types of timng problens may not al ways
be avoi dabl e, dependi ng upon the cost of sanpling equi pnent
nmobi | i zati on and ot her such factors.

4.3 Sanpl e Col |l ection

There are many reasons why sl ow net hodi cal collection
protocols are best, not the |least of which is safety. Taking
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extra tinme to be sure that the vessel is on station, the proper
sanpling device is outfitted with the correct attachnents, the
correct jars and | abels are being used, the proper nethods of
sanple splitting and m xi ng are bei ng depl oyed, and all activity
and conditions are fully docunented in the sanpling | og can save
having to repeat these activities.

Because of the conplexity associated with sedi nent sanpling,
it is always good practice to assign all team nenbers specialized
responsibilities. Further, a single | ead team nenber should work
with the vessel operator and oversee all sanpling and handling
activities. This teamleader is usually also responsible for
docunenting the field work in the sanpling | og.

A field | og should al ways be prepared to describe the
conditions and events of the sedinent sanpling project. The
field log used by the USACE for geotechnical borings (ENG Form
1836) is provided as Attachnment D-1. An exanple of a field |og
which is nore appropriate to grab sanpling is provided at
Attachnment D-2. Field | ogs should docunent conditions of the
sanpling location, elevations of the water and sedi ment surfaces,
i nformati on about the sanpling equi pnent and sanpl e recovery.
The 1 ogs should al so record the physical appearance of the
sedi nent sanpled. Categories of sedinent characteristics are
listed on table D-6. Photographs of the sanple are anot her way
to docunent physical appearance.

Al sanpling and field nmeasurenment equi pnment shoul d be
checked and tested before |eaving shore. Sanpling equi pnent (the
parts which contact the sedi nent sanple) should be cl eaned before
the sanpling project and in-between project sanples. Recommended
pre-project cleaning procedures are as foll ows:

- wash wi th non-phosphat e detergent,

-~ triple rinse with distilled water,
rinse wth acetone,
rinse wth reagent grade hexane, and
air dry.

In the field, sanpling equi pnent shoul d be cl eaned between
sanples to avoid cross-contam nation. Although the above

cl eani ng procedures are appropriate, the use of acetone and
hexane on sone sanpling vessels or with sone sanpling equi pnent
may be infeasible or present safety problens. The follow ng are
m ni mum cl eani ng procedures between sanpl es:

brush wash with site water, and
rinse with distilled water.
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Table D-6. Categories of Sedi ment Characteristics

Type Si ze or Characteristic

| nor gani ¢ conponent st

Cobbl es 75 to 300 mm (3 to 12")

G avel 4.75 to 75 mm (3/16 to 3")

Sand 0.075 to 4.75 nm

Silt 0.005 to 0.075 nmmin dianeter

d ay < 0.005 mm snooth, slick feeling when rubbed between fingers

O gani ¢ Conponent s2

Detritus accunul at ed wood, sticks, and other undecayed coarse pl ant
materi al s
Fi br ous peat partially deconposed plant remains; parts of plants readily

di sti ngui shabl e

Pul py peat very finely divided plant remains; parts of plants not
di stingui shable; varies in color fromgreen to brown; varies
greatly in consistency-often sem-fluid

Muck bl ack, finely divided organic matter; conpletely deconposed

Unified Soil O assification System
2 USEPA (1973)

4.4 Sanpl e Handl i ng and Cont ai ners

Sedi nents shoul d be renoved from sanpl ers and handl ed usi ng
non-contam nating equi pnment. | n nost cases, stainless steel
spoons and bowl s whi ch have been cleaned in the sanme manner as
the sanpler are appropriate. One very conmon m stake made during
sedi nent sanple handling is pouring off "excess water". This
water, and the fine particulates in suspension, are part of the
sanple. Discarding it may bias the sanple.

The honogeni zation, or m xing of a sedinment sanple in the

field is not necessary for nost circunstances. |f the sedinent
sanple is to be analyzed by a single | aboratory, honopgeni zation
can be conducted at the |lab under nore controlled conditions. In

cases where the sanple is to be divided into two or nore
containers for shipnent to different |aboratories, sanple
honmogeni zati on can be conducted in the field, or the entire
sanpl e can be shipped to one | aboratory, where the sanple is
honogeni zed and aliquots are shipped to other |abs. Laboratories
shoul d be given specific instructions about sanple honogeni zation
and notified that water in sanple containers should not be

di scarded, but honopgeni zed with the sanple.

D- 29



Honogeni zation in the field may be appropriate where the
vol ume of sanple collected is far greater than the volunme to be
transported, and the intent is to have the sanple placed in the
containers representative of the whole sanple collected. 1In this
case, slow and snpboth m xi ng techni ques shoul d be used.
Overm xi ng may cause spillage and the aeration of the sedi nent
sanpl e which may alter the sedinment chemstry. The |larger the
volunme of a sedinent sanple, the nore difficult it will be to mx
the sanple in the field. Sanples nmust be protected from external
sources of contam nation, such as boat splash and fuel and
| ubricants, during handling.

Sedi nent sanpl es should be placed into containers and stored
at 4° C as rapidly after collection as possible. Containers
should be filled to the top with the sanple, |eaving no head
space.

Contai ners for sedi nent sanples should be nade of clean,
non-contam nating materials. |If the sedinent sanple were solely
for a specific type of chem cal analyses, it mght be appropriate
to chose the container materials which avoi ds contam nation or
bias. Since nost sedi ment sanples for 404(b)(1) determ nations
are intended for a variety of anal yses, and because of the
difficulty in assuring that sub-sanples prepared in the field are
honmogeneous, it is recomrended that sanples be contained in one
type of container for transport to the | aboratory, where the
sanpl e can be honobgeni zed and sub-di vi ded.

Reconmended contai ner materials include w de-nmouth gl ass
jars with Teflon-lined caps and high density pol yet hyl ene ( HDPE)
pl astic buckets with lids. Each has its advantages and
di sadvantages. G ass jars are available in a variety of sizes,
and are nost suitable for smaller sanple volunes (1-4 liters)
needed for bulk chem stry, grain size analysis and elutriate
tests. dass jars require considerable care in packing and
transport, and can break despite the best precautions. HDPE
pl astic containers are available in small and | arge sizes,

i ncluding 5-gallon tubs which are well suited to the |arge vol une
sanpl es needed for toxicity, bioaccunulation and colum settling
tests. Sanple containers and |lids should be cleaned as foll ows:

wash with acid (chromc or HO),
rinse wth distilled water,

wash wi th non-phosphat e detergent,
triple rinse with distilled water,
rinse wth acetone,

rinse wth reagent grade hexane, and
air dry.

New containers from| aboratory supply conpanies are generally
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cl eaned to the above or better specifications. New containers
from bul k supply conpanies nmay need to be cl eaned before use.

Sanpl e containers nust be identified unanbi guously, and a
preci se sanple | abeling and codi ng system shoul d be devel oped
prior to field work to avoid costly m stakes. It is recommended
that sanpling jars and vessels be pre-labelled, as field
conditions are often wet and bunpy, and | abels can becone scri bed
indelibly. Labels nust be able to withstand the conditions of
transport and storage w thout deterioration or becom ng | oose.
Labels on glass jars stored in wet ice have been known to becone
"unglued" in transport. To prevent such problens, glass jars may
be placed into plastic bags and sealed (this al so hel ps control
the ness if a jar breaks in transport). Plastic containers can
be marked with indelible pens or markers in addition to regul ar
| abel s, as a safeguard. Exanples of |abels used by the USACE for
soi |l sanples and by USACE division | aboratories are provided at
Attachnment D 3.

4.5 Sanple Transport

Sanpl e contai ners shoul d be packaged for transport in a
manner that maintains themat 4° C and protects them from
breakage or spillage. A variety of packing materials and
containers are available specifically for the transport of
envi ronnent al sanples. Considering the costs of sanple
coll ection and anal yses, these nmaterials are a sound investnent.

There are a nunber of transport nodes for sedi nent and water
sanpl es. Mst overnight transport carriers will accept
envi ronment al sanples providing they are in secure containers.
Sonme carriers will not accept wet ice, and nost will not accept
dry ice. Packaged refrigerants ("blue ice") are accepted by npst
carriers. Wen |arge sanples are collected (several 5-gallon
tubs), it may be nore cost effective to | ease a refrigerated
truck or contract a specialized carrier. The tenperature of
sanpl es shoul d be neasured and recorded at the tinme of arrival in
t he | aboratory.

Procedures for docunenting chain-of-custody for dredged
mat eri al sanples are recomended. An exanple of a USACE chai n-
of -custody record for potentially hazardous sanples is provided
at Attachnent D 4.

4.6 Heal th and Safety
Wor ker health and safety nust be a paranount consideration
during all sedinment sanpling activities. USACE contractors are

required to follow the procedures of the Safety and Heal th
Requi rements Manual (USACE 1987). Corps districts require that
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its boat operators have conpleted certified training fromthe
U S. Coast Guard and that its divers be certified and follow the
procedures in the U S Navy Diving Manuals (U S. Navy 1988).

Most rivers have nunmerous crossings by utilities buried
beneath the river bottom and in sonme cases exposed on the
sedi nent surface. These include water and sewer pipelines, gas
and petrochem cal pipelines, electrical and tel ecommunucations
cables. Navigation charts typically show utility crossings, but
are not always conplete or up-to-date. Devel opers of sedi nent
sanpling plans should contact the appropriate utilities to
confirmthe presence and | ocati ons of crossings, especially when
any drilling is planned.

Each crew nenber should be fully outfitted wth appropriate
safety equi pnent and properly fitted clothing. Provisions should
al so be made for staff to clean-up during and after sanpling.
Soaps, brushes, sponges, water and change of clothing should be
avai | abl e when appropriate. Rain and weather protective cl othing
and |ife vests are always appropriate for on-board stowage.

In general, sedinents that are being considered for open-
wat er di sposal will not contain sufficient |evels of
contam nation to require sophisticated personnel protective
equi pnent (PPE). W rkers should avoid any dernmal contact with
sedi nents and all sanpling equi pnent should be handled with
protective gloves. Wth nore contam nated sedi nents, disposable
Tyvece cl ot hi ng shoul d be worn.

Pre-planning for sedinment sanpling should identify the
| ocation and tel ephone nunbers of energency assistance, including
police, Coast CGuard, marine assistance, and hospital energency
service. This information should be readily available to the
entire field crew

4.7 Envi ronment al conpliance

The USACE has issued nationwi de permts under Section 10 of
the Rivers and Harbors Act and Section 404 of the C ean Water Act
for m nor dredging and di scharge of quantities | ess than 25 cubic
yards (Federal Register, Novenmber 21, 1991). In nost instances,
sedi ment sanpling for testing purposes wll be covered by these
nati onw de permts, and no separate permts required under these
authorities. In cases where sanpling is conducted in waterways
adj acent to private property, the rights of riparian owners
shoul d be consi dered.

The di sposal of field generated waste, other than excess

sedi nent sanples, are regul ated by Federal, State and | ocal |aws
and regul ati ons.
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5. QUALI TY ASSURANCE/ QUALI TY CONTRCL

Most of the specific quality control procedures that are
appropriate for sediment sanpling and handling have been
described in this appendi x. These i ncl uded reconmmended sanpling
protocol s, nethods for cleaning sanpling equipnent and
contai ners, sanple handling, and transport. The witten sanpling
pl an should identify the specific nethods to be enpl oyed and the
rational e for variances fromthe gui dance provi ded here.

Detailed witten prototols, or standard operating procedures
(SOPs) shoul d be devel oped and used for field collection
activities. Equipnment used for making field neasurenents (e.gqg.
bat hynetric survey equi pnent) should have a quality assurance
pl an whi ch includes schedul es and procedures for calibration,
mai nt enance and repair. Operators should be famliar wth these
pl ans and trained in equipnment use and operation.

The data quality objectives for a contam nant determ nation
made as part of a 404(b)(1) evaluation are outlined in Appendi X
E. Because these evaluations are conparative (dredged materi al
are conpared to disposal site), all sedinent sanples nust be
handled in a simlar manner. Field blanks are not generally
necessary for dredged material evaluations, and field replicates
are not considered useful indicators of QC for sedi nents.
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SEDI MENT SAMPLI NG FI ELD LOG
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Log prepared by:
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Waves/ current:
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Measur enment equi pnment :

Sedi nent surface:

Sanpling | nformation
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Sanpl e honogoni zed:

Cont ai ner (s):

Vi sual | nspection
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